. Vascular occlusion, which lowers the hydraulic conductance of stems, gradually develops after harvest in the basal portion of the stems and shorten the vase life (Van Doom and Perik, 1990; Van Doom and De Witte, 1997) . Moreover, transpiration, which is regulated by stomata of the leaves as a variable resistance, from leaves is a major cause of water loss from cut flowers (Carpenter and Rasmussen, 1974; Mayak et al., 1974) and leaves compete with flowers for water (Hu et al., 1995) . Hence, excessive transpiration due to failure of stomata! closure results in a decrease in water amount (Tone et al., 2003) , so that the vase life of cut roses is prolonged through decreased transpiration under high humidity condition with low vapor pressure deficit (VPD) (Doi et al., 2000) . Experimental plots Two experiments as mentioned below were conducted and two experimental plots for each experiment were established by using two growth cabinets with natural light (S-180A, Koito Industries Ltd., Yokohama, Japan). In all experimental plots, day (06:00-18:00 h) and night (18:00-06:00 h) temperatures were set at 25°C and 20°C respectively. Experiment 1 (constant humidity): Plants were transferred to the growth cabinets on October 22, 2004. The relative humidity (RH) in the growth cabinets was set at a constant 60% (60% RH roses) or 85% (85% RH roses). The VPD for 60% RH roses corresponded to 1.27 kPa in the day and 0.94 kPa at night and that for 85% RH roses corresponded to 0.48 kPa in the day and 0.35 kPa at night.
Experiment 2 (altered humidity): Plants were transferred to the growth cabinets on December 17, 2004. The day and night RH in the growth cabinets was set at 60% and 85% (60185% RH roses) or 85% and 60% (85/60% RH roses) respectively. The VPD for 60185% RH roses corresponded to 1.27 kPa in the day and 0.35 kPa at night and that for 85/60% RH roses corresponded to 0.48 kPa in the day and 0.94 kPa at night.
Harvesting In both experiments, all flowering shoots at first flush of flowering were harvested in the evening when the bud tip dehisced and the length and weight of cut flowers were recorded. Cut Environ.
Control Biol.
258 (26) flowers (10-12 pairs) that were harvested from each of the two experimental plots on the same day were selected and trimmed to 60 cm; the five uppermost five-leaflet leaves and upper small leaves on a stem were left. The cut flowers were hydrated with deionized water in the dark for at least 9 h and then underwent the following measurements and vase life test. Response of stomatal conductance to light or dark alternation 
RESULTS
Experiment 1 (constant humidity) Plants grown at two different RH flowered at the same time in the middle of December (data not shown). The number and total fresh weight of cut flowers were significantly greater at 85% RH than at 60% RH (Table 1) , and the fresh weight of individual cut flowers was smaller at 85% RH. The size of leaf stomata measured in the dark was significantly greater in 85% RH roses, but the density differed little (Table 2) .
Even after continuously in the dark for more than 9 h (DO), the SC of 60% RH roses was markedly lower than for 85% RH roses (Fig. 1) . The SC of both RH roses increased sharply within 30 min (L30) and was maintained at a similar level until L90. The SC of 60% RH roses fell sharply after the cut flowers were transferred to the dark again (D130), but the decrease in SC of 85% RH roses was smaller. The vase life of 60% and 85% RH roses was 7.6 and 4.6 days, respectively (Table 1 ). The daily TR of both RH roses decreased gradually after harvest, but it ranged 2-fold higher in 85% RH roses (Fig. 2) .
Experiment 2 (altered humidity) Plants grown at both RH cycles flowered in late January. The number of cut flowers was significantly greater at 85/60% RH than at 60/85% RH, and the total fresh weight of cut flowers was also greater at 85/60% RH but the difference was not significant (Table 3) . However, fresh weight Vol. 44, No. 4 (2006) (27) 259 Environ. Control Biol. and length of individual cut flowers of 85/60% RH roses were smaller. The size and density of stomata did not differ between the two RH cycles (Table 4) . Likewise the SC of 60% RH roses in Experiment 1 (Fig. 1) , the SC of both 85/60% and 60/85% RH roses changed with dark and light alternation (Fig. 3) ; the SC level measured in the dark was quite low (Fig. 3) . The vase life of both RH roses was about eight days (Table 3 ) and the daily TR rates changed similarly in both RH cycles (Fig. 4) ; these results were also similar to those of 60% RH roses in Experiment 1 (Table 1 , Fig. 2 ).
DISCUSSION
Transpiration from leaves and petals physically correlates with VPD, which is synergistically attributed to temperature and relative humidity. A postharvest high VPD increases transpiration that induces water stress, resulting in poor vase life of cut roses (Doi et al., 2000) . Plants avoid such water stress by closing their stomata (Larcher, 2002 The preharvest RH condition markedly affected the vase life of cut roses (Tables 1, 3 ) through transpiration. The vase life of cut roses grown at constant high (85%) RH ended sooner after harvest by petal wilting and bent neck ( Table 1) . The daily transpiration rate of 85% RH roses was almost two-fold higher than for 60% RH roses after harvest (Fig. 2) , which might induce an early deterioration of water status. Large stomata in the dark of 85% RH roses (Table 2 ) and a simultaneous high SC (Fig. 1) indicate that failure to close stomata at night mainly contributed to the increase in daily transpiration (Fig. 2) . Stomata left open even in the dark indicates that they responded little to environmental changes and water status. Tone et al. (2003) reported that cut roses obtained at preharvest high humidity fail to control water relations, and our results are consistent with their findings. Doi et al. (1999) observed high transpiration rate and low petal water potential of cut roses in the day and concluded that the imbalance between water uptake and transpiration in the day was rectified by closure of stomata and decreased transpiration at night. This supports the idea that a high transpiration rate during the night results in a short vase life of cut roses.
In Experiment 2, preharvest RH was changed with day and night cycles. The vase life (Table  3) , size of stomata (Table 4) , responses of transpiration to an alternation of light and dark (Fig. 3) , and daily transpiration (Fig. 4) differed little between the two RH patterns, and were similar to those for constant low (60%) RH roses in Experiment 1. These results suggest that, irrespective of light conditions, a low RH for at most 12 h a day to maintain the function of stomata. Interestingly, Environ.
the yield at 85/65% RH was higher than for 60/85% RH (Table 3) ; that is high RH during the day and low RH at night, make possible a high yield and a long vase life. Next practical RH control technology to achieve high yield and long vase life of cut rose is expected.
